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ABSTRACT 


This  paper  summarizes  the  four  methods  generally  used  for  pro¬ 
jecting  school  and  university  enrolments  and  describes  a  specific 
application  of  two  of  them,  the  Cohort  Survival  Method  and  the  Tran¬ 
sition  Coefficient  Technique.  It  is  shown  that  the  former  is  a  special 
case  of  the  latter,  and  a  general  mathematical  model  is  described 
which  can  be  used  for  both.  An  exponential  smoothing  method  is  used 
for  projection  of  the  transition  coefficients,  which  provides  for  the 
continual  revision  of  the  projections  as  new  data  become  available 
without  requiring  a  major  technical  restructuring  of  the  model. 

The  results  of  implementation  of  the  model  in  the  projection  of 
high  school  graduates  are  given,  and  the  relationship  to  the  univer¬ 
sity  enrolment  model  is  shown. 
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Introduction 


This  paper  describes  a  model  which  is  presently  being  applied 
at  the  University  of  Alberta  for  the  purpose  of  projecting  potential 
enrolments  over  the  planning  horizon  of  the  university. 

There  is  little  about  the  structure  of  this  model  that  has  not 
been  described  previously  by  other  authors  in  terms  of  general  enrol¬ 
ment  projection  models.  It  is  not  the  intent  of  this  paper  to  pro¬ 
vide  an  exhaustive  analysis  of  the  relative  merits  of  various  methods 
of  enrolment  projection  or  to  develop  new  or  more  sophisticated  ver¬ 
sions.  Rather,  it  is  intended  to  summarize  what  work  has  been  done 
and  to  describe  the  application  of  this  work  to  a  specific  situation. 

The  development  of  mathematical  models,  which  allow  a  concise 
expression  of  the  complex  interrelationships  present  in  an  education¬ 
al  institution,  has  provided  a  powerful  tool  for  the  measurement  of 
the  effects  of  alternative  actions  facing  decision  makers.  All  too 
often,  however,  the  potential  power  of  these  tools  is  not  realized 
in  practice.  This  may  occur  for  several  reasons:  a  lack  of  under¬ 
standing  of  the  techniques  involved,  an  unwillingness  to  apply  the 
methods  to  a  process  which  many  consider  unquantifiable,  or  the  cost 
of  implementation  exceeding  the  perceived  benefits  to  be  derived. 

More  often,  the  models  cannot  be  used  because  the  data  required  for 
their  implementation  is  not  available,  or  the  overall  organizational 
structure,  policy  and  process  characteristics  are  not  adequately  de¬ 
fined.  This  is  particularly  true  of  the  comprehensive,  "total  system" 
models  presently  in  vogue. 
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The  choice  of  model,  therefore,  is  contingent  upon  the  informa¬ 
tional  needs  it  is  expected  to  meet,  the  information  resources  which 
are  available  for  input,  and  the  resources  required  for  the  task  of 
implementation.  This  task  is  as  crucial  as  the  initial  model  deve¬ 
lopment  and  is  likely  to  be  at  least  as  formidable. 


CHAPTER  I 


Methodology 


Philosophy  of  Admissions 


There  are  two  fundamental  philosophies  of  admission  of  students 
into  the  education  system.  The  first  is  that  the  educational  system 
is  the  means  by  which  the  human  resources  of  a  nation  are  developed; 
and,  therefore,  the  size  and  distribution  of  education  enrolments  is 
determined  by  the  future  needs  of  the  nation  and  is  controlled  by 
the  state.  This  philosophy  is  practised  in  some  parts  of  Europe  and 
in  many  developing  countries  where  the  deficit  in  human  resources  is 
generally  more  severe  than  in  the  developed  nations.  The  enrolment 
projection  models  used  under  this  philosophy  are  economic  and  socio¬ 
logical  in  nature  and  designed  to  maximize  the  growth  of  economic 
well-being  of  the  nation  without  particular  regard  for  the  demand 
for  education  by  the  members  of  society  at  large.  Methods  and  mo¬ 
dels  are  described  by  Davis,  Liu,  and  Barnard.* 

The  second  philosophy  is  more  applicable  to  the  present  situa¬ 
tion  in  North  America.  It  considers  the  opportunity  for  education 
to  be  the  right  of  every  citizen,  and  the  provision  of  the  oppor¬ 
tunity  to  be  the  duty  of  the  state.  Under  this  philosophy,  the 


*Russell  C.  Davis,  Planning  Human  Resource  Development,  (Chicago: 
Rand  McNally,  1966);  Bangee  Alfred  Liu,  Estimating  Future 'School  En- 
rolment  in  Developing  Countries,  (UNESCO),  Population  Studies,  No.  40); 
Jean  Barnard,  "General  Optimization  Model  for  the  Economy  and  Edu¬ 
cation"  in  Mathematical  Models  in  Educational  Planning,  (Paris: 
Organization  for  Economic  Cooperation  and  Development,  1967). 
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projection  of  educational  enrolments  becomes  the  projection  of  age 
specific  population  growth  combined  with  forecasting  the  demand  for 
education,  which  arises  from  the  various  sectors  of  the  population. 
Four  methods  of  projection  have  been  used,  characterized  by  dif¬ 
fering  degrees  of  reliance  upon  cause-effect  relationships,  and  con¬ 
sequently,  requiring  varying  levels  of  detail  in  the  input  data. 
These  methods  are:  Curve  Fitting  to  historical  enrolment  data. 
Demographic  Ratio  analysis,  Cohort  Survival  analysis,  and  Transi¬ 
tion  Coefficient  analysis. 


Methods 

Curve  Fitting 

"Enrollment  projections  by  the  curve-fitting  method  consist  of 

determining  the  functional  relationship  which  exists  between  past 

2 

enrollments  and  years."  The  only  input  data  requirements  are  the 
historical  time  series  of  enrolments  for  the  educational  sector  be¬ 
ing  analyzed.  The  underlying  assumptions,  however,  are  extremely 
restrictive.  These  are:  that  past  enrolment  trends  will  continue, 
and  that  new  factors  will  not  be  introduced  in  the  future.  This 
method  is  generally  only  useful  for  short-term  projection  in  highly 
stable  environments  with  simple  cause-effect  relationships.  It 
might  be  used,  for  example,  to  project  the  number  of  new  pupils  en¬ 
tering  grade  I,  where  the  net  population  growth  of  six-year-olds 
has  been  stable  and  is  expected  to  continue  to  be  the  same,  and  where 
2 

L.  J.  Lins,  Methodology  of  Enrollment  Projections  for  Colleges  and 
Universi ties,  (American  Association  of  Collegiate  Registrars  and  Admis- 
sions  Officers,  1960),  p.  8. 


.. 
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all  children  must  enter  grade  I  at  age  six.  It  may  not  be  useful  in 
the  same  situation,  however,  for  projecting  the  total  grade  I  popula¬ 
tion,  which  is  determined  by  student  ability  and  promotional  practice, 
in  addition  to  the  rate  of  new  pupil  growth.  The  details  of  the  me¬ 
thods  of  curve  fitting  are  not  pertinent  to  this  discussion  and  may  be 

3 

found  in  most  general  statistics  texts.  Boling  and  Gardiner  also 
provide  a  good  analysis  of  the  various  methods. 

Demographic  Ratio  Analysis 

This  method  uses  historical  enrolment  and  demographic  data  to  de¬ 
termine  the  relationship  which  exists  between  specific  age  group  popu¬ 
lations  and  enrolments  in  the  educational  system,  and  applies  the  pro¬ 
jected  relationship  to  demographic  forecasts  to  develop  future  enrolments. 
In  this  case,  both  historical  enrolments  and  census  data  must  be  known, 
and  projections  of  future  populations  must  be  available.  Since  the 
short-term  stability  of  the  population  is  greater  than  that  of  school 
enrolments,  the  underlying  assumptions  are  somewhat  less  critical  than 
in  the  curve-fitting  methods,  but  the  traditional  assumptions  of  demo¬ 
graphic  projection  still  apply;  and,  further,  it  must  be  assumed  that 
the  historical  relationship  is  representative  of  the  relationship  which 
will  hold  in  the  future. 

This  method  of  projection  is  probably  the  one  most  widely  used  to¬ 
day,  particularly  for  the  projection  of  national  and  regional 

3 

Edward  J.  Boling  and  Donald  A.  Gardiner,  Forecasting  University 
Enrollment,  (Knoxville:  The  University  of  Tennessee,  1952). 
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enrolments.  Certainly  for  long-range  projections,  particularly  of 

elementary  school  enrolments,  it  provides  the  best  available  estimate. 

For  the  specific  institution  of  higher  education,  however,  it  is  not 

an  effective  tool  for  operational  planning  as  the  results  are  usually 

aggregated  by  region  and  by  total  institutional  enrolment,  rather  than 

by  specific  program  level.  The  results  are  extremely  valuable  as  an 

independent  verification  of  the  aggregated  results  of  more  detailed 

analysis.  Of  particular  interest  in  this  regard  are  Hanson's  projec- 

4 

tions  of  grade  XII  enrolment  in  college  areas  in  Alberta,  and  Hass- 

bring's  analysis  of  enrolment  for  the  Department  of  Sociology  at  the 

5 

University  of  Alberta. 

The  latter  reference  also  provides  a  more  detailed  description 
of  this  method  and  a  good  indication  of  the  types  of  assumptions  which 
must  be  made. 

Cohort  Survival 

The  Cohort  Survival  method  uses  a  succession  of  ratios  to  deter¬ 
mine  the  extent  to  which  the  members  of  a  given  grade  will  survive  to 
a  higher  grade  at  some  later  period  in  time.  While  the  concept  of  sur¬ 
vival  may  appear  relatively  simple  at  first  glance,  the  underlying 

4E.  J.  Hanson,  Population  Analysis  and  Projections,  College  Areas 
in  Alberta,  (Edmonton:  Department  of  Education,  provincial  Board  of 
Post-Secondary  Education,  1968). 

5Lars  Hassbring,  "Enrollment,  Staff,  and  Space  Projections",  un¬ 
published  report  of  the  Population  Research  Laboratory,  University  of 
Alberta. 


■ 
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factors  can  be  complex.  In  general,  the  enrolment  in  any  stage  (grade) 
is  made  up  of  some  members  of  the  immediately  lower  stage  in  the  pre¬ 
vious  year;  some  members  of  the  same  stage  in  the  previous  year,  who 
failed  to  progress  to  the  following  stage;  and  some  new  entrants  from 
outside  the  system.  Thus,  the  survival  ratio  used  to  advance  a  cohort 
from  one  stage  to  the  next  is  a  single  number  approximation  of  a  multi¬ 
variate  relationship.  However,  if  it  is  assumed  that  the  historical  re¬ 
lationships  between  the  underlying  variables  will  remain  unchanged  in 
the  future,  reasonable  estimates  of  future  enrolments  can  be  derived. 
This  method  of  forecasting  is  limited  to  a  period  equal  to  the  normal 
duration  of  student  progress  from  the  start  to  the  end  of  the  segment 
being  analyzed.  That  is,  the  most  recent  historical  data  for  the  lowest 
stage  of  the  segment  provides  the  base  for  projecting  the  enrolment  in 
the  final  stage  at  some  later  period.  For  example,  the  enrolment  in 
grade  I  this  year  will  provide  the  base  for  the  grade  XII  enrolment  in 
eleven  years;  and,  therefore,  the  base  for  the  number  of  high  school 
graduates  in  twelve  years. 

The  main  benefit  of  this  method  is  derived  from  the  fact  that  his¬ 
torical  data  on  school  enrolments  are  readily  available  and  are  more 
quickly  updated  than  the  demographic  data  required  for  the  previous 
method.  Further,  projections  of  the  numbers  of  students  who  will  enter 
the  post-secondary  segment  of  the  education  system  can  be  made  for 
twelve  years  in  the  future,  based  upon  the  enrolment  which  is  presently 
in  the  primary-  and  secondary-school  segments.  The  method  is  limited 
by  the  stability  of  the  historical  survival  ratios  for  each  stage  in  the 
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process,  and  the  accuracy  with  which  the  future  survival  ratios  can 
be  estimated.  Various  regression  and  time-series  analysts  techniques 
are  available  for  this  purpose,  and  the  most  suitable  method  for  the 
specific  situation  is  determined  by  the  characteristics  of  the  appli¬ 
cation  being  considered.  A  more  sophisticated  approach  would  be  to 
determine  the  values  of  the  underlying  variables,  i.e.,  net  migration 
student  ability  and  promotional  practice,  and  forecast  changes  in  sur 
vival  ratios  as  a  function  of  changes  in  these  values.  This  is  often 
not  possible  within  the  economic  and  data  availability  constraints 
imposed  upon  theanalysis,  and  the  more  naive  techniques  must  suffice. 

Transition  Coefficient  Method 

The  Demographic  Ratio  Analysis  and  the  Cohort  Suvival  techniques 
are  special  cases  of  the  general  Transition  Coefficient  method.  In 
the  former,  the  contributing  states  are  the  defined  population  cate¬ 
gories,  and  the  accepting  states  are  the  education  system  segments. 
The  ratios  which  are  determined  are  the  transition  coefficients  be¬ 
tween  these  states. 

Similarly,  the  cohort  survival  technique  provides  a  set  of  tran¬ 
sition  coefficients  from  the  immediately  lower  grade  (state)  to  the 
grade  in  question. 

In  the  general  case,  the  number  of  possible  states  is  theoreti¬ 
cally  unlimited.  In  practice,  it  is  limited  by  the  availability  of 
data,  the  computational  power  required  to  use  the  model,  and  the 
application  of  the  particular  analysis.  Regardless  of  the  level  at 


. 
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which  states  are  defined,  if  a  classification  scheme  is  given,  which 
includes  all  possible  states  within  the  educational  system;  students' 
flow  through  the  system  can  be  defined  by  a  matrix  of  transition  co¬ 
efficients  which  represent  the  probabilities  of  moving  from  any  given 
state  to  any  state  in  the  following  period.  Hence,  if  the  vector  of 
populations  of  all  states  at  time  t  is  known,  the  vector  at  time  t  +  1 
can  be  determined  by  matrix  multiplication  of  the  transition  matrix 
and  the  population  vector.  This  process  assumes,  however,  that  no  one 
enters  or  leaves  the  system.  The  latter  can  be  corrected  by  including 
a  set  of  absorbing  states  in  the  classification  scheme,  which  repre¬ 
sent  final  graduation  at  different  levels  of  attainment.  New  entrants 
to  the  system  can  be  introduced  by  the  addition  of  a  new  entrant  vec¬ 
tor  to  the  population  vector  at  each  time  period.  Excellent  descrip¬ 
tions  of  this  method  are  given  by  Thonstad^  and  Baisuch  and  Wall  ace. ^ 
This  model  provides  a  more  formidible  tool  than  the  three  methods 
previously  described,  for  the  analysis  of  the  effects  of  change  in 
input  variables,  or  parameters,  upon  the  students'  flow  through  the 
system  and  upon  the  future  populations  of  each  of  the  system's  states. 
Input  data  must  be  provided  in  greater  detail  than  in  the  previous 
models;  and  the  problem  of  projecting  the  number  of  new  entrants  to 
the  system  in  each  period  and  the  behaviour  of  the  transition 

Tore  Thonstad,  "A  Mathematical  Model  of  the  Norwegian  Educational 
System:  in  Mathematical  Models  for  Educational  Planning,  ibid. 

7 

Allen  Baisuch  and  William  A.  Wallace,  "A  Computer  Simulation  Ap¬ 
proach  to  Enrollment  Projection  in  Higher  Education",  Socioeconomic 
Planning  Sciences,  Vol .  VI  (1970),  pp.  365-81. 
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coefficients  over  time,  is  at  least  as  hazardous  as  the  three  previous 
methods.  The  transition  coefficients  represent  the  net  result  of  edu¬ 
cational  policy,  student  ability,  socioeconomic  pressures,  and,  to  some 
extent,  the  vagaries  of  student  selections.  Ideally,  by  increasing 
the  number  of  permissible  states,  variations  in  these  parameters  could 
be  measured  and  included  in  the  model.  However,  the  practical  limita¬ 
tions  on  processing  large  arrays,  prohibit  the  amount  of  subdivision 
required,  and  the  same  old  assumptions  concerning  the  relationship  of 
underlying  variables  must  be  made. 

Summary 

The  general  methodology  of  projecting  student  enrolments  has  been 
well  developed  and  documented  and  offers  a  wide  choice  of  alternatives 
for  institutional  use.  The  implementation  of  these  methods  to  meet 
specific  needs  is  not  a  simple  task  and  requires  major  tradeoffs  be¬ 
tween  the  level  of  details  required,  the  quality  of  the  input  data 
available,  and  the  cost  of  implementation  of  the  projection  system. 


CHAPTER  rr 


The  Enrolment  Model 

The  enrolment  model  used  in  this  application  is  made  up  of  two 
parts:  one  to  forecast  the  numbers  of  high  school  graduates  in  the  pro¬ 
vince  that  achieve  Senior  Matriculation  standing,  and  the  second  to 
provide  the  specific  university  enrolments.  The  first  part  is  neces¬ 
sary  in  order  to  provide  the  projected  populations  from  which  the  ma¬ 
jority  of  the  new  entrants  to  the  university  are  derived. 

The  High  School  Graduate  Model 

Background 

For  the  purpose  of  developing  the  population  of  the  university  new 
entrant  group,  we  must  be  able  to  project  the  size  of  the  major  source 
of  these  students.  Previous  analysis  has  indicated  that  approximately 
95  percent  of  this  group  comes  from  high  school  graduates  within  the 
province  who  have  achieved  Senior  Matriculation  status.  This  histori¬ 
cal  growth  in  numbers  of  these  graduates  is  shown  in  Table  I  and 
Figure  I. 
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Growth  of  Senior  Matriculant  Numbers 
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Table  I 

Numbers  of  Alberta  Senior  Matriculants 
By  Year  of  Graduation 


Year 

Number  of 
Matriculants 

Year 

Number  of 
Matriculants 

1952 

1,024 

1962 

3,492 

1953 

1,098 

1963 

3,710 

1954 

1,237 

1964 

4,213 

1955 

1,426 

1965 

4,588 

1956 

1,458 

1966 

5,392 

1957 

1,668 

1967 

6,886 

1958 

1,874 

1968 

7,819 

1959 

2,121 

1969 

7,910 

1960 

2,502 

1970 

7,787 

1961 

3,202 

Source:  Alberta:  Department  of  Education. 


For  the  period  to  1968,  the  growth  appears  regular  and  best  ap¬ 
proximated  by  a  power  curve.  Such  an  approximation  has  obvious  long- 
run  projection  errors  in  view  of  limitations  which  are  imposed  by  the 
foreseeable  overall  population  growth.  Further,  the  observations  for 
1969  and  1970  differ  markedly  from  such  an  approximation. 

Visual  analysis  of  the  growth  curves  of  each  grade  in  the  school 
system  indicated  that  there  were  identifiable  growth  patterns  which 
could  be  followed  through  the  system.  (See  Appendix  A  for  enrolment 
statistics  and  growth  curves.)  The  most  significant  of  these  patterns 
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was  the  major  enrolment  increase  that  occurred  in  grade  I  over  the 
two  year  period  from  1952  to  1954.  This  increase  can  be  followed 
through  to  grade  XII  where  it  appears  from  1963  to  1966.  The  increase 
in  spread  to  three  years  can  be  accounted  for  by  the  fact  that  grade  XII 
can  be  taken  in  either  one  or  two  years.  The  somewhat  greater  growth 
in  Matriculants  in  this  period  compared  to  the  previous  period  can  be 
explained  by  this  enrolment  increase.  However,  the  major  increase  in 
Matriculants  occurred  in  the  period  from  1966  to  1968,  a  period  when 
the  enrolment  growth  in  grade  XII  was  relatively  low. 

Again,  visual  analysis  of  the  ratios  of  Senior  Matriculants  to 
students  enrolled  in  grade  XII,  showed  a  major  discontinuity  in  this 
period.  Figure  2  shows  that  this  ratio  increased  from  approximately 
25  percent  in  1966  to  approximately  35  percent  in  1968.  Subsequent 
conversation  with  the  Department  of  Education  indicated  that  this  shift 
occurred  at  a  time  when  promotional  practice  was  changed,  and  that  such 
a  shift  was  an  anticipated  effect  of  the  change. 

As  a  result  of  these  investigations,  it  was  felt  that  the  Cohort 
Survival  Method  could  be  used  to  provide  realistic  projections  of  Senior 
Matriculants.  In  order  for  such  a  method  to  be  fully  effective  for 
the  purpose  intended,  i.e.,  an  administrative  tool  for  testing  policy  al¬ 
ternatives,  the  model  must  have  two  features.  Firstly,  it  must  be  cap¬ 
able  of  providing  a  realistic  estimate  of  the  future  survival  ratios,  using 
the  most  current  data  available  without  requiring  a  major  technical 
reevaluation.  Secondly,  the  projected  ratios  must  be  capable  of  being 
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FIGURE  2 


Senior  Matriculants  to  Grade  XII  Ratios 
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manually  modified  where  external  information  indicates  that  such  modi¬ 
fication  is  required. 

Mathematical  Structure 


We  define  a  vector  of  enrolments,  E^.,  such  that 
Et  =  ^er  e2*  •••  e  13 ^ t 

represents  the  enrolment  at  time  t  of  grades  I  to  XII  and  the  number  of 
Senior  Matriculants. 


Let  St  = 


51.1  Sl,2  Sk,l 

52.1 

513.1 


S13 

S13, 13 


t 


represent  the  survival  ratios  from  each  grade  k,  at  time  t,  to  grade  1, 
at  time  t  +  1.  From  the  definition  of  the  Cohort  Survival  Method,  all 
elements  of  are  zero  except  for  1  equal  to  k  +  1,  since  the  only  pro¬ 
gression  allowed  is  to  the  succeeding  grade,  in  the  succeeding  period. 

At  time  t  +  1  the  enrolment  vector  is  defined  by 


Et+1  =  Et  x  St 


(1) 


Because  of  the  structure  of  the  matrix  S,  that  is,  column  1  con¬ 
taining  all  zeros,  element  (e.,)^  will  be  zero.  This  is  as  it  should 
be  since  this  model  does  not  provide  for  new  entrants  into  grade  I. 
Further,  since  we  are  only  interested  in  projecting  Senior  Matriculants, 
the  introduction  of  new  entrants  is  not  required  unless  it  is  necessary 
to  project  beyond  twelve  years  in  the  future. 
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Successive  iterations  will  cause  further  elements  to  become  zero 
until  after  12  iterations,  al 1  values  are  zero,  and  further  projections 
cannot  be  made.  Provision  can  be  made  for  longer  term  projections,  by 
adding  a  vector  of  new  entrants  at  each  iteration.  The  model  then 
becomes 


E 


t+1 


where 


EtV 


N 


t+1 


(2) 


-  (n^,  n^,  •••  n^) 

represents  the  vector  of  new  entrants  to  each  grade  at  each  period. 
Under  the  strict  definition  of  the  Cohort  Survival  Method,  all  n  are 
zero  with  the  exception  of  n^,  ...,  that  is,  entrance  is  permitted  to 
grade  I  only. 


Determination  of  the  Survival  Ratio  Matrix 


The  two  conditions  for  effectiveness  which  were  mentioned  earlier, 
the  realistic  estimation  of  future  ratios,  and  the  manual  modification 
of  these  ratios,  represent  operations  on  the  matrix  S^..  Manual  modifica¬ 
tion  is  easily  accomplished  by  changing  the  value  of  the  appropriate 
elements  of  S^,  at  the  particular  iteration  when  such  changes  are  ex¬ 
pected  to  occur.  For  the  estimation  of  future  ratios  based  upon  his¬ 
torical  data,  we  have  used  an  exponential-smoothing  technique  described 
by  Winters.8 

8Peter  R.  Winters,  "Forecasting  Sales  by  Exponentially  Weighted 
Moving  Averages",  in  Frank  M.  Bass,  et.  al . ,  eds..  Mathematical  Models 
and  Methods  in  Marketing,  (Homewood,  D linois:  Richard  D.  Irwin,  Inc., 
1961),  pp.  492-612. 
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In  this  technique,  the  time  series  to  be  analyzed  is  considered 
in  three  parts;  a  randomly- varying  component,  a  growth  or  trend  com¬ 
ponent,  and  a  periodically- varying  component.  The  value  of  each 
component  is  estimated  from  the  historical  data,  using  exponentially- 
weighted  moving  averages  and  the  components  combined  to  provide  the 
required  forecasts.  In  this  application,  the  periodic  component  is 
not  used. 

If  the  mean  of  a  random  variable  is  constant,  the  forecasting 
problem  becomes  one  of  forecasting  the  expected  value  of  the  variable. 

Q 

It  has  been  shown  by  Winters  that  this  can  be  estimated  by  a  weighted 
average  of  all  past  observations.  The  estimate  of  the  mean  is  given 
by 

Oj  "Xj 

St  =  aSt  +  (1  -  a)  St_j  (3) 

where 

'Xj 

=  the  estimate  of  the  mean  at  time  t 

St  s  the  observed  value  at  time  t 

a  =  a  weighting  factor  such  that  0  <  a  >  1 

^  ' 

and  the  forecast  St+1  is  equal  to  the  mean  S^. 

The  inclusion  of  a  linear  growth  component  requires  the  estimation 
of  this  component  and  the  correction  of  the  estimate  of  the  mean  by  the 
addition  of  the  current  estimate  of  the  growth.  The  trend  component  is 
an  exponentially-weighted  average  of  the  difference  between  successive 
estimates  of  the  mean,  and  is  given  by 

'Xj  'Xj 

Rt  =  B(st  ’  st-l}  +  (1  ■  B)Rt-l 
9 I b i d . ,  pp.  494-500. 


(4) 


' 
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where 


Rt  5  the  estimate  of  the  trend  at  time  t 

B  =  a  weighting  factor  such  that  0  <  B  >  1 
Equation  (3)  then  becomes: 

St  =  aSt  +  (1  -  a)  (St-1  +  Rt-1),  (5) 

and  the  forecast  of  the  future  value  of  S,  T  periods  in  the  future  is 

(6) 

The  estimate  of  the  future  enrolment  can  be  derived,  therefore, 
from  the  equation  obtained  by  substitution  of  equation  (6)  for  S  in 
equation  (1) 

A  A 

£t+l  ■  EtSt 

a, 

=  E+  (S 


Sj,t  ~  ^t  +  **"  X  Rt 


t  vwt-l  +  Rt-1 


)  (T  =  1)  (7) 

Note:  although  the  enrolment  at  time  t  is  known,  the  survival  ratio 
from  t  to  t+1  is  the  forecast  made  at  t  -  1,  for  one  period  in  the  future 
The  enrolment  forecast  for  the  following  period  is: 

Et+2  =  Et+1  ^St-1 


<\j 

=  E*  (S 


t-1 


Et+I  ■  Et  P=1 
where 

St-1  =  aSt-l  +  ^ 

a,  <\j 

R.  ,  =  B(S.  ,  -  S, 


+  2Rt_j),  (T  =  2) 

Rt-1>  <Vl  +  2Rt-i> 

(8) 

for  any  year  is 

l  +  (T  i  12) 

(9) 

a)  (St_2  +  F?t_1 ) 

(5a) 

-1>  +  <-1  -  B)  Rt.2 

(4a) 

The  major  advantage  of  using  this  method  is  derived  from  two  fac¬ 
tors.  Firstly,  the  only  data  which  must  be  carried  from  period  to  period 
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are  the  latest  estimate  of  trend  and  mean.  Secondly,  the  estimates  are 
continuously  updated  as  new  information  becomes  available  and  the  model 
will  correct  for  changes  in  the  actual  values  of  the  mean  and  trend  at 
a  rate  dependent  upon  the  value  of  the  weighting  constants  used.  Fur¬ 
ther,  when  future  changes  are  known  in  advance,  the  stored  estimate  can 
be  modified  to  reflect  the  effect  of  the  changes,  and  provide  faster 
stabilization  to  the  new  level. 

Selection  of  Smoothing  Constants 

Implementation  of  this  forecasting  model  requires  the  determina¬ 
tion  of  appropriate  values  of  the  weighting  constants  a  and  B.  The 
method  given  by  Winters^  determines  those  weights  that  minimize  some 
measure  of  the  forecast  error  and  uses  these  in  the  smoothing  model. 

The  appropriate  measure  is  determined  by  the  behaviour  of  the  costs 
associated  with  over-  and  under-estimating  the  actual  enrolment. 

Cost  behaviour  is  established  by  the  institutional  environment, 
i.e.,  the  method  of  funding,  the  degree  of  unused  capacity,  and  the 
nature  of  the  student  demand  for  places;  and  whether  the  forecasts  are 
used  for  short-term  operational  planning,  or  longer-term  capital 
planning. 

In  the  short  run,  the  costs  of  overestimating  consist  mainly  of 
excess  faculty  salaries,  which  may  be  offset  by  benefits  derived  in 
other  areas,  increased  faculty  research  for  example.  It  can  also  be 
argued  that  a  social  benefit  is  derived  from  am  improved  instructional 
milieu  resulting  from  the  lowered  student-faculty  ratio.  Other 

10 


Ibid. ,  pp.  500-510. 
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potential  short-term  costs  of  overestimating  are  public  and  political 
feelings  of  academic  inefficiency,  and  subsequent  reluctance  to  pro¬ 
vide  funds  in  future  periods.  Underestimating  in  the  shortterm  incurs 
the  cost  of  high  student-faculty  ratios  with  their  attendant  faculty 
and  student  dissatisfaction,  and  the  possibility  of  the  rejection  of 
potential  students.  From  an  economic  point  of  view,  the  objective, 
therefore,  should  be  to  minimize  the  average  overestimation  error, 
whereas,  the  underestimation  error  should  be  minimized  from  an  aca¬ 
demic  viewpoint. 

In  the  long  run,  similar  effects  occur,  but  the  time  required  to 
correct  the  effects  of  estimation  error  is  significantly  increased, 
and  the  cumulative  cost  of  an  estimation  error  is  greater  in  both 
economic  and  academic  terms. 

For  a  number  of  reasons,  including  the  difficulty  in  assessing 
the  comparative  value  of  non-economic  costs,  it  has  been  decided  that 
this  implementation  will  be  based  upon  the  assumption  that  the  costs 
of  overestimating  equal  those  of  underestimating,  and  further,  that 
the  loss  function  is  quadratic  in  nature.  That  is,  a  large  error  is 
worse  than  an  equal  sum  of  small  errors.  The  statistic  which  was  chosen 
for  minimization  was  the  standard  error  of  forecast  defined  as: 


SFE  =  rn 


2 


CIO) 


N  -  1 


S^.  =  the  forecast  for  period  t  made  at  t  -  1 


where 


. 
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=  the  observed  value  at  period  t 
N  =  the  number  of  observations 

This  statistic  is  appropriate  for  the  short-run  use  of  the  model, 
given  the  assumptions  which  have  been  stated.  For  long-run  purposes, 
however,  a  more  appropriate  statistic  would  be  based  upon  the  maximum 
error  between  the  actual  observations  and  the  sets  of  forecasts  made 
at  each  period,  for  the  planning  horizon.  For  example,  if  a  five- 
year  planning  horizon  is  used,  then  at  each  year  five  forecasts  are 
made,  one  for  each  year  in  the  planning  period.  The  maximum  error  in 
this  set,  in  conjunction  with  the  maximum  errors  of  the  forecasts  made 
at  other  periods  is  used  to  generate  the  long-term  error  statistic. 
This  statistic  is  described  by: 


SFE 


\ 


(N-T) 

t=l 


A 


(Max  {S 
i 


t,i 


N  -  T  -  i 


i  =  1,  2,  3,  ...T  (11) 


where 

S.  .  =  the  forecast  made  at  t,  i  periods  into  the  future 
t ,  i 

St+j  s  the  actual  observation  for  time  t  +  i 

T  =  the  planning  horizon 

N  =  the  number  of  observations  available 

The  limited  number  of  observations  (nineteen)  which  were  available 
for  the  high  school  model  precluded  the  use  of  this  method,  as  a  smooth 
contour  of  forecast  errors  could  not  be  developed,  and  a  subjective 
selection  of  smoothing  constants  was  made.  Brown11  has  shown  that  there 


Robert  Goodell  Brown,  Smoothing,  Forecasting,  and  Prediction  of 
Discrete  Time  Series,  (Englewood  Cliffs,  N.  J.  :  Prentice  Hall,  Inc. 
1962),  p.  108" 
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is  a  relationship  between  the  value  of  the  smoothing  constant  and  an 
equivalent  number  of  observations  in  a  moving  average,  as  shown  in 
Table  II. 


Table  II 


Smoothing  Constants  and  Equivalent  Moving  Averages 


Number  of  Observations 
in  a  Moving  Average 

Smoothing 

Constant 

3 

0.500 

4 

0.400 

5 

0.333 

5.67 

0.300 

6 

0.286 

9 

0.200 

12 

0.154 

18 

0.105 

19 

0.100 

24 

0.080 

39 

0.505 

52 

0.038 

199 

0.010 

Since  we  only  have  19  observations,  and  we  wish  to  provide  at  least 
the  equivalent  of  three  years  damping  of  variations,  the  range  of  usable 
weighting  factors  is  from  0.1  to  0.5. 

It  is  expected  also  that  survival  ratios  as  such  should  level  off 
to  a  relatively  constant  value  as  time  progresses,  (assuming  a  stable 
pattern  of  migration)  and  that  more  recent  observations  are  more 
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valuable  than  the  older  ones.  For  these  reasons,  weights  of  0.3  were 
chosen  for  all  grades  for  both  the  mean  and  trend  estimates. 

For  the  Senior  Matriculant  ratios,  weighting  factors  of  0.5  for 
the  mean  estimate  and  0.2  for  the  trend  estimate  were  used,  on  the 
basis  that  the  discontinuity  which  occurred  in  the  period  from  1966  to 
1967  required  a  heavier  weighting  of  current  observations  in  the  esti¬ 
mate  of  the  mean,  but  a  lighter  weighting  of  current  observations  in  the 
long-term  growth  trend,  which  is  expected  to  continue  once  the  pertur¬ 
bations  of  the  discontinuity  have  subsided. 

The  University  Enrolment  Model 

A  transition  coefficient  model  has  been  developed  for  the  analysis 
and  projection  of  student  flow  through  the  university.  However,  an 
intermediate  step  must  be  taken  between  the  projection  of  high  school 
matriculants  and  the  projection  of  students'  flow  through  the  university. 
That  is,  the  matriculants  must  be  allocated  as  new  entrants  to  each  of 
the  state  classifications  in  the  model.  In  addition,  new  entrants 
from  other  sources  must  be  projected  and  allocated.  Discussion  of  the 
basis  and  method  of  these  allocations  will  be  left  until  later. 

The  classification  structure  of  the  model  has  been  determined  by 
the  availability  of  historical  data.  Although  this  does  not  represent 
the  ideal  structure  for  administrative  planning,  it  does  provide  for  a 
usable  model  during  the  interim  period  in  which  the  necessary  data  for 
an  alternative  structure  is  being  collected.  Since  the  classification 
structure  does  not  change  the  fundamental  nature  of  the  model,  only  its 
size  and  parameter  values,  the  initial  model  development  is  not  wasted. 
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Machine  readable  data  for  students'  flow  is  available  for  the  past 
four  years.  However,  because  of  format  and  informational  content 
changes  from  year  to  year,  some  data  are  not  easily  recovered.  For  this 
reason,  a  simple  classification  structure  consisting  of  the  faculty  and 
program  year  of  registration  was  used  for  those  states  within  the  univer¬ 
sity  itself.  In  addition,  a  number  of  external  states  were  included  to 
provide  for  the  termination  of  formal  education  at  several  levels  of 
achievement  and  to  allow  for  intermediate  periods  in  which  a  student 
might  be  temporarily  out  of  the  system. 

12 

The  Mathematical  Structure 


Let  =  (e^ ,  e ^  ...  en)t 

represent  the  vector  of  student  populations  in  all  states  at  time  t 
and  let 

Nt  5  (nl*  n2’  *  *  *nn^t 

represent  the  vector  of  new  students  entering  all  states  at  time  t 


cll*  c12’  ckl ’  •••  cln 

“l . cnnJ  t 

defines  the  matrix  of  coefficients  of  transition  from  any  state  k  at 
time  t  to  any  state  1  at  time  t  +  1. 


12The  mathematical  structure  of  this  model  is  similar  to  that  of 
Baisuch  and  Wallace,  "A  Computer  Simulation  Approach  to  Enrollment 
Projection  in  Higher  Education'.'. 
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Then 

Et+1  =  EtCt  +  Nt+1  (12) 

represents  the  vector  of  populations  one  period  later. 

The  population  vector  two  periods  later  is 
F  =  F  f  +  N 

Lt+2  Lt+rt+i  Nt+2 

■  <EtCt  +  Nt+l)Ct+l  +  Nt+2  (13) 

The  general  formula  for  the  population  T  periods  in  the  future  is 

F  =  E  f  +  N 

Lt+T  tt+T-rt+T-l  t+T 

=  ^Et+T-2Ct+T-2  +  Nt+T-1^  Ct+T- 1  +Nt+T 


=  («EtCt  +  W  Ct+1  +  Nt+2^  Ct+2  + 


...  +  N 


t+T-1) 


C  +  N 

L t+T-1  t+T 


T-l 


T-l 


~  Et  x  n  ^  + 
r  i=0  1=1 


T-l 

n 

k-i 


l  (Nt+.  x  n  Ct+k)  +  Nt+T 


(14) 


Given  the  vector  of  enrolments  (E^)  at  time  t,  the  projected  en¬ 
rolments  are  determined  by  the  intervening  values  of  the  transition  co¬ 
efficients  and  the  new  entrants  vectors.  Since  the  number  of  coefficients 
is  directly  proportional  to  the  square  of  the  number  of  classification 
states  in  the  system,  the  matrix  becomes  very  large  for  relatively 
simple  classification  structures.  In  practice,  however,  the  task  of 
projections  is  not  as  difficult  as  it  first  appears.  The  matrix  may 
be  considered  as 


I 

0 

A 

B 
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where 

I  =  (m  x  m)  identity  matrix,  where  m  is  the  number  of 
absorbing  states 

0  =  (m  x  (n-m))  zero  matrix 

A  =  ((n-m)  x  m)  matrix  of  coefficients  of  transition  from 
active  states  to  absorbing  states 

B  s  ((n-m)  x  (n-m))  matrix  of  transition  coefficients 
between  active  states. 

Since  transition  to  any  given  state  is  not  possible  or  feasible 
from  certain  other  states,  many  coefficients  can  be  immediately  iden¬ 
tified  as  zero. 


Projection  of  the  Transition  Coefficients 


Because  of  the  limited  historical  data  available  at  this  time, 
exhaustive  search  for  the  most  appropriate  projection  method  would 
make  little  sense.  Since  exponential  smoothing  programs  were  deve¬ 
loped  for  the  high  school  graduate  model,  they  were  included  in  the 
university  model. 

Recalling  equation  (6) 


St+T  St  +  TRt 


(6) 


an 


Where 


A 

St+T  =  the  forecast  value  of  S,  T  period  in  the  future, 
made  at  time  t 

'V, 

St  =  the  estimate  of  the  mean  at  time  t 
Rt  =  the  estimate  of  the  trend  at  time  t 
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Changing  notation  slightly  and  substituting  (6)  in  (14)  for  the 
estimate  of  C 
E 


T-l 


T-l 


't+T  Lt  ^Ct_1  +  +  i^1  ^t+1  TT.  ^Ct-1  +  pRt-l)) 


T-l 

n 

p= 


+  N 


t+T 


(15) 


where  is  the  estimate  of  the  mean  of  the  transition  coefficient 
made  at  t  -1, 

and  is  the  estimate  made  at  t  -  1  of  the  trend  with  time  of  the 
coeffi cient. 

Since  the  exponential  smoothing  method  always  requires  a  pre¬ 
ceding  estimate  of  both  mean  and  trend,  initial  values  must  be  used 
to  start  the  process.  Where  historical  data  are  available,  these 
values  may  be  derived  by  starting  with  a  subjective  or  analytical 
estimate  of  the  values  and  then  smoothing  the  historical  data  to  ob¬ 
tain  the  current  estimates.  The  degree  to  which  the  effect  of  errors 
in  the  initial  estimates  is  washed  out  will  be  a  function  of  the 
smoothing  constants  chosen  for  the  process.  With  low  values  of 
smoothing  constants,  the  initial  estimates  will  have  long-term  ef¬ 
fects,  but  will  be  quickly  eliminated  with  high  values. 

If  a  simple  regression  analysis  with  respect  to  time  is  used  to 
establish  the  initial  values  of  mean  and  trend,  and  smoothing  constants 
are  set  at  zero,  the  projection  of  coefficients  will  be  on  the  original 
regression  line  regardless  of  the  degree  to  which  subsequent  actual 
data  depart  from  this  line.  Where  there  are  sufficient  historical 
data  to  develop  an  accurate  regression  line  and  where  the  process  is  ex¬ 
pected  to  behave  the  same  in  the  future  as  in  the  past,  the  exponential 
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smoothing  characteristics  of  the  model  are  not  required,  and  the  model 
can  use  the  initial  estimates  until  such  time  as  these  are  changed. 

In  the  case  where  there  is  only  a  short  history,  the  ability  of  the 
model  to  modify  the  initial  estimates  as  more  data  become  available, 
provides  an  administrative  tool  which  does  not  require  a  major  tech¬ 
nical  reevaluation  of  its  parameters  each  time  that  new  data  are  re¬ 
ceived. 

A  logical  extension  of  this  model  is  the  development  of  a  tech¬ 
nique  by  which  the  smoothing  constants  may  be  modified  as  time  pro¬ 
gresses.  Some  general  work  has  been  done  in  this  area,  but  it  is 
felt  that  the  application  of  these  methods  is  beyond  the  scope  of 
the  present  project. 

Determination  of  the  New  Entrants  Allocations 

New  entrants  to  the  university  system  are  classified  according 
to  their  source,  either  from  the  Alberta  Senior  Matriculant  body  or 
from  all  other  sources.  The  input  from  sources  other  than  the  Senior 
Matriculants  has  been  comparatively  stable  and  of  small  size.  The 
mean  of  the  historical  inputs  to  each  state  from  this  source  is  used 
as  the  forecast  input. 

Simple  linear  regression  has  been  used,  as  an  interim  measure, 
to  determine  the  relationship  between  the  Senior  Matriculant  body  and 
the  possible  entrance  states  in  the  university.  As  soon  as  the  univer 
sity  model  is  complete,  however,  the  Senior  Matriculants  will  be  incor 
porated  as  a  number  of  states  in  the  model  with  their  associated 
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transition  coefficients.  This  will  allow  for  the  provision  of  a 
varying  time  delay  between  high  school  graduation  and  university 
entrance,  to  accommodate  those  students  who  do  not  enter  directly 
after  high  school . 


CHAPTER  III 


Evaluation  of  the  Model 

The  evaluation  of  any  model  in  the  long  run  is  based  upon  the 
validity  of  the  information  provided  by  the  model  when  compared  to 
the  actual  case.  In  a  projection  model,  such  testing  can  be  accomp¬ 
lished  by  reserving  some  historical  data  from  the  initial  parameter 
determination  and  using  these  data  as  benchmarks  for  evaluating  the 
model's  projection  accuracy.  Where  a  paucity  of  historical  information 
exists,  validity  testing  must  be  deferred  until  future  information 
becomes  available.  In  either  case,  a  wide  range  of  statistical  tests 
are  available  to  measure  the  significance  of  projection  errors. 

Initial  tests  can  be  made  even  before  the  model  is  implemented. 
These  can  be  broadly  classified  as  content  evaluation  tests  and 
structural  evaluation  tests. 

Content  Evaluation 

The  fundamental  problem  of  content  testing  is  the  subjective 
evaluation  of  the  degree  to  which  the  model  contains,  or  provides  for, 
all  underlying  factors  in  the  real  world  which  affect  the  process  being 
modeled.  For  the  university  transition  coefficient  model,  the  number 
of  states  can  be  made  large  enough  to  accomodate  any  and  all  combina¬ 
tions  of  variations  in  process  characteristics,  at  least  in  theory. 
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The  classification  system  which  is  chosen  in  practice  will  limit  the 
degree  to  which  the  model  is  representative,  and  it  is  the  classifi¬ 
cation  system  itself  which  must  be  evaluated.  From  a  very  pragmatic 
point  of  view,  the  system  which  has  been  chosen  is  best  suited  to  the 
needs  of  the  university,  given  the  constraints  which  are  imposed  by 
the  availability  of  usable  data,  and  by  the  resources  which  are  avail¬ 
able  at  this  time.  This  does  not  imply  that  there  are  no  better 
classification  systems,  and  it  is  hoped  that,  as  data  become  avail¬ 
able,  improvements  will  be  made. 

The  preceding  comments  apply  to  the  high-school  graduate  model 
in  even  greater  degree,  as  the  classification  structure  imposed  by 
the  cohort  survival  technique  is  more  restrictive.  Given  that  more 
data  were  available,  however,  the  model  could  accomodate  alternative 
classification  structures,  since  it  has  been  designed  as  a  special 
case  of  the  more  general  transition  coefficient  model. 

Structural  Evaluation 

Structural  evaluation  is  the  measurement  of  reality  of  the  re¬ 
lationships  between  variables  which  are  included  in  the  model.  Two 
main  areas  of  concern  are  present:  the  nature  of  the  transition  co¬ 
efficients  themselves,  and  the  projection  of  the  coefficients  and 
new  entrants. 

The  use  of  transition  coefficients  implies  a  regularity  of  stu¬ 
dent  movement  which  may  not  exist.  In  particular,  the  use  of  a  single 
valued  transition  probability  between  any  two  states  at  any  time. 
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implies  a  deterministic  attribute  which  is  unlikely  to  be  realistic. 
Intuitively,  however,  regularity  of  student  progress  does  exist  in 
most  cases,  and  the  number  of  occurrences  of  totally  random  coeffi¬ 
cients  is  expected  to  be  low.  Further,  if  the  method  by  which  the 
coefficients  are  projected  provides  an  unbiased  estimate  of  the  mean 
of  the  distribution  of  coefficient,  this  second  criticism  is  removed 
for  single-valued  population  projections. 

Testing  of  the  reality  of  the  projections  of  the  coefficients 
and  new  entrants,  as  a  function  of  time,  is  hampered  by  the  same  re¬ 
strictions  as  the  validity  testing  of  the  overall  model.  That  is, 
the  goodness  of  fit  determination  is  limited  by  the  availability  of 
benchmark  data.  If  regression  techniques  have  been  used  to  project 
these  variables,  some  measure  of  historical  accuracy  is  available. 

The  degree  to  which  this  accuracy  is  representative  of  the  forecast 
accuracy  will  be  determined  by  the  stability  of  the  process  being 
modelled. 

The  overall  evaluation  of  this  implementation  of  the  model  will 
be  based  upon  the  degree  of  utility  provided  by  the  model  in  the  univer¬ 
sity  planning  process,  and  as  such  must  be  deferred  until  sufficient 
experience  has  been  gained  in  its  use.  Some  preliminary  forecasts 
have  been  made  of  the  total  non-professional  undergraduate  body;  how¬ 
ever,  full  implementation  of  the  model  has  not  been  achieved  as  yet. 
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CHAPTER  IV 


Results 

The  high-school  graduate  model  has  been  implemented  in  an  inter¬ 
active  remote  terminal  mode  on  the  IBM  360/67  computer,  using  APL  as 
the  programming  language.  This  language  is  particularly  suited  to 
this  type  of  model  because  of  the  ease  with  which  it  handles  matrix 
and  vector  operations. 

The  implementation  provides  for  the  revision  of  the  estimates  of 
the  mean  and  trend  of  each  survival  ratio,  at  any  time,  and  allows 
the  inclusion  of  new  data  as  it  becomes  available.  The  model  projects 
the  school  enrolments  and  the  numbers  of  Senior  Matriculants  for  each 
year  over  the  period  specified  by  the  operator.  As  an  interim  measure, 
the  first  year  non-professional  undergraduate  university  enrolment 
is  also  projected  using  the  relationship  established  by  simple 
linear  regression.  A  typical  session  is  shown  in  Figure  3.  In  this 
session,  the  estimate  of  the  mean  for  the  Senior  Matriculant  to  grade 
XII  ratio  is  revised  to  accomodate  the  effects  of  known  policy  change 
between  1966  and  1967,  and  the  subsequent  Matriculant  data  are  entered. 
Seven  years  of  projected  Senior  Matriculants  and  first-year  enrolments 
are  given. 

Appendix  B  contains  graphs  of  the  actual  historical  data,  and  the 
corresponding  forecasts  made,  using  the  exponential  smoothing  technique, 
in  the  previous  period. 
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PROJECT 

IN  RESPONSE  TO  QUERIES,  ANSWER  TES  OR  NO. 

DO  TOU  WISH  TO  REVISE  TEE  ESTIMATES  OF  MEAN  OR  TREND ? 
TES 

ENTER  THE  NEW  ESTIMATES  QIVING  TEE  RATIO  NUMBER 
{I.E.  1  FOR  THE  RATIO  FROM  GRADE  1  TO  GRADE  2,  ETC.), 
TEE  NEW  ESTIMATE  FOR  THE  MEAN  AND  TEE  NEW  ESTIMATE  FOR 
TEE  TREND.  USE  RATIO  NUMBER  12  FOR  GRADE  12  TO  SR. 
MATRICULANTS  RATIO.  ENTER  THE  DATA  FOR  EACH  RATIO 
ON  ONE  LINE,  SEPARATED  BY  BLANKS  OR  COMMAS.  WHEN 
THERE  ARE  NO  MORE  DATA,  ENTER  A  ZERO . 

0: 

12  0.313  0.0029 

□  t 

0 

ANY  NEW  ENROLMENT  DATA  ( EXCLUDING  MATRICS .)? 

NO 

ENTER  THE  NUMBER  OF  PERIODS  FOR  WHICH  ENROL¬ 
MENT  PROJECTIONS  ARE  REQUIRED  (11  OR  LESS). 

□  : 

7 

THE  PROJECTED  SCHOOL  ENROLMENTS  ARE: 


TEAR 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1971 

0 

38660 

36924 

37083 

36394 

36371 

36265 

34026 

32594 

32262 

2921  3 

29283 

1972 

0 

0 

37715 

36211 

36443 

36205 

37184 

35443 

32826 

33142 

30530 

31909 

1973 

0 

0 

0 

36624 

35544 

36292 

36914 

36378 

33883 

34337 

31328 

33125 

1974 

0 

0 

0 

0 

35908 

35434 

36901 

36151 

34459 

36432 

32423 

33762 

1975 

0 

0 

0 

0 

0 

35835 

35930 

36175 

33929 

38057 

34363 

34706 

1976 

0 

0 

0 

0 

0 

0 

36236 

35259 

336  35 

38463 

35857 

36532 

1977 

0 

0 

0 

0 

0 

0 

0 

35595 

32475 

39112 

36200 

37859 

ZERO  ENROLMENT  IS  SHOWN  WHERE  PROJECTIONS  CANNOT  BE  MADE 
USING  THIS  METHOD. 

ANY  NEW  DATA  ON  SENIOR  MATRICULANTS? 

JES 

ENTER  NEW  MATRICULANT  DATA  GIVING  THE  YEAR 
AND  THE  NUMBER  OF  MATRICULANTS.  WHEN  THERE  ARE  NO  MORE 
DATA,  ENTER  A  ZERO. 

□  s 

1967  6886 

□  : 

1968  7819 

□  : 

1969  7910 

Os 

1970  7787 
□  s 

0 

THE  PROJECTED  MATRICULANT  NUMBERS  ARE: 


TEAR 

NUMBER 

1971 

8873 

1972 

9489 

1973 

9665 

1974 

9661 

1975 

9737 

1976 

10044 

1977 

10196 

THE  PROJECTED  FIRST  YEAR  UNIVERSITY  ENROLMENTS  ARE: 


TEAR 

NUMBER 

1972 

4941 

1973 

5249 

1974 

5337 

1975 

5335 

1976 

5373 

1977 

5527 

1978 

5603 

FIGURE  3 

Sample  Terminal  Session 
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These  plots  give  a  general  impression  of  the  degree  to  which  the 
forecast  changes  as  a  result  of  changes  in  the  observed  value  and  pro¬ 
vide  a  basis  for  a  subjective  evaluation  of  the  tracking  ability  of 
the  model.  It  should  be  noted,  however,  that  the  apparent  immediate 
response  to  the  step  increase  in  the  Senior  Matriculant  ratio  shown  in 
Figure  28  is  a  result  of  the  manual  adjustment  previously  mentioned. 

In  all  other  cases,  no  adjustments  have  been  made. 

Comparing  the  projections  of  high  school  enrolments  shown  in 
Figure  3  with  those  made  by  Hansen‘S  for  1971-72  and  1975-76,  shows 
three  discrepancies. 

The  model  projection  for  grade  X  is  the  same  in  Hansen's  for 
1971-72  at  a  level  of  33,000  students.  By  1975-76,  however,  the 
model  projects  39,000  students  compared  to  36,000.  At  the  same  time, 
it  shows  the  grade  IX  level  staying  constant  at  33,000  compared  to 
Hansen's  growth  from  35,000  to  37,000.  The  actual  survival  ratio 
from  grade  IX  to  grade  X  has  shown  a  steady  increase  over  the  period 
for  which  we  have  data,  with  a  more  rapid  increase  in  the  immediate 
past.  This  growth  trend  in  the  ratio  is  continued  in  the  projection, 
to  the  extent  that  the  projected  grade  X  enrolment  is  significantly 
greater  than  that  in  grade  IX. 

The  third  discrepancy  is  a  constant  difference  of  about  3,000 
students  in  the  grade  XII  population,  with  the  model  projection  being 
greater.  This  can  be  accounted  for  by  the  fact  that  the  Department 

^Hansen,  op.  cit..  Table  19,  p.38. 
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of  Education  statistics,  upon  which  the  model  is  based,  include  such 
categories  as  adult  evening  credit  and  part-time  enrolments. 

The  combined  effect  of  these  discrepancies  is  relatively  small, 
giving  total  grades  IX  to  XII  enrolments  that  differ  by  less  than  two 
percent. 

The  general  university  transition  coefficient  model  has  not  been 
implemented  to  date  for  two  reasons.  Although  the  classification  struc¬ 
ture  has  been  limited  to  a  simple  faculty-program  year  of  registration 
scheme;  with  a  number  of  input,  output,  and  waiting  states;  the  resul¬ 
tant  coefficient  matrix  contains  approximately  10,000  elements.  The 
present  APL  workspaces  cannot  handle  a  matrix  of  this  size,  therefore 
this  model  must  be  written  in  another  language.  This  will  also  pro¬ 
vide  a  more  flexible  means  of  data  input  and  output,  and  greater 
transportability  of  the  model,  as  the  number  of  APL  installations  is 
relatively  small.  Secondly,  the  collection  of  historical  data  for 
coefficient  determination  is  not  complete. 

Since  we  wish  to  retain  the  interactive  capabilities  of  the 
existing  model,  the  new  language  must  be  one  which  is  supported  by 
the  Michigan  Time  Sharing  System  presently  in  use  at  the  university. 
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Grade  I  Enrolment  by  Year 
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Grade  II  Enrolment  by  Year 
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Grade  III  Enrolment  by  Year 
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Grade  IV  Enrolment  by  Year 
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Grade  V  Enrolment  by  Year 
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Grade  VI  Enrolment  by  Year 
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Grade  VII  Enrolment  by  Year 
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Grade  VIII  Enrolment  by  Year 
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Grade  IX  Enrolment  byYear 
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Grade  X  Enrolment  by  Year 
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Grade  XI  Enrolment  by  Year 
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Grade  XII  Enrolment  by  Year 
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Number  of  Senior  Matriculants  by  Year 
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FIGURE  17 

Actual  and  Forecast  Survival  Ratios 


For  Grade  I  to  Grade  II  by  Year 
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FIGURE  18 

Actual  and  Forecast  Survival  Ratios 
For  Grade  II  to  Grade  III  by  Year 
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FIGURE  19 

Actual  and  Forecast  Survival  Ratios 
For  Grade  III  to  Grade  IV  by  Year 
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FIGURE  20 

Actual  and  Forecast  Survival  Ratios 
For  Grade  IV  to  Grade  V  by  Year 
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FIGURE  21 

Actual  and  Forecast  Suvival  Ratios 
For  Grade  V  to  Grade  VI  by  Year 
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FIGURE  22 

Actual  and  Forecast  Survival  Ratios 
For  Grade  VI  to  Grade  VII  by  Year 
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FIGURE  23 

Actual  and  Forecast  Survival  Ratios 
For  Grade  VII  to  Grade  VIII  by  Year 
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FIGURE  24 

Actual  and  Forecast  Survival  Ratios 
For  Grade  VIII  to  Grade  IX  by  Year 
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FIGURE  25 

Actual  and  Forecast  Survival  Ratios 
For  Grade  IX  to  Grade  X  by  Year 


RRTIO 


-  72  - 


o 

rj 


FIGURE  26 

Actual  and  Forecast  Survival  Ratios 
For  Grade  X  to  Grade  XI  by  Year 
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FIGURE  27 


Actual  and  Forecast  Survival  Ratios 
For  Grade  XI  to  Grade  XII  by  Year 
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FIGURE  28 


Actual  and  Forecast  Survival  Ratios 
For  Grade  XII  to  Senior  Matriculation  by  Year 


